Condition maintenance is a kind of maintenance based on the advanced condition monitoring and diagnosis technology for collecting equipment's condition information, and evaluating equipment's condition score. The obtained condition score should be the foundation for the calculation of equipment's failure rate. With the calculated failure rate, the decision of out-of-service maintenance (OM) could be made. After each OM, the same condition scores obtained before and after an OM could correspond to different failure rate values. Inspired by an all-state integration (ASI) method, an equivalent condition score (ECS) method, which converts the condition score obtained after an OM to an equivalent condition score, has been proposed in a previous work. Based on the equivalent condition score, the equipment's failure rate can be calculated by the ECS method. This paper makes a contribution by providing a mathematical proof to show that the ACS and ECS methods are equivalent, which is important for wide applications of the ECS method.
INTRODUCTION
Condition maintenance is a kind of maintenance based on the advanced condition monitoring and diagnosis technology for collecting equipment's condition information, and evaluating equipment's condition score (CS) [1] . The obtained CS of devices should be the foundation for the calculation of equipment's failure rate (FR) [2] .
Reference [3] proposes a mathematical model of FR based on service age. The author uses the Marquardt method to solve the FR model, which is based on Weibull distribution with two parameters. However, the effect of CS is not considered in [3] . Reference [4] proposes a way to calculate the parameters of failure model based on the CS. However, the effect of out-of-service maintenance (OM) is not considered in [4] , and two pieces of equipment with the same values of CS but experiencing different history of OM could have different FRs [5] .
Reference [6] proposes an all-state integration (ASI) method for the calculation of equipment's failure rate. Inspired by the ASI method, we proposed an equivalent condition score (ECS) method in the previous work of [7] . The ECS method converts the condition score obtained after an OM to an equivalent condition score, then based on the equivalent condition score, the equipment's failure rate can be calculated. The effectiveness of the ECS method has already been verified in [7] by field maintenance data. This paper makes a contribution by providing a mathematical proof to show that the ACS and ECS methods are equivalent, which is important for wide applications of the ECS method.
For the completeness of this paper, the ASI method [6] and the previously proposed ECS method [7] are introduced firstly. Then the mathematical proof to show that the ACS and ECS methods are equivalent will be presented. Simulation results of the ECS method can be found in [7] , and they are omitted in this paper to avoid redundancy.
ALL-STATE INTEGRATION METHOD
The ASI method [6] is based on the concept of the integral health process (IHP). There are two IHPs in Figure 1 , namely 1 T and 2 T . The IHP 1 T ends at 4 t when the equipment fails to work, and the OM is arranged immediately. After the OM, the equipment will be put into service again. A new IHP 2 T starts and continues until another termination event (TE) occurs. For the TE of 2 T , there are three points which need to be considered. At point B of 6 t , the CS is poor which indicates abnormal condition. And at point C of 7 t , an OM is arranged. The true failure point should be point F of 8 t . The time difference between 7 t and 8 t is negligible for engineering applications.
When equipment is in abnormal or critical condition, it should be arranged for an OM in no time.
The actual TE for an IHP is the OM. In Figure 1 , besides two OMs, there are also some minor maintenance occurring at 1 CSs. We put the duration of the same CS together, and rearranged the durations of CSs with the descending order of CS values. In Figure 2 and the following content, p represents the sequential number of the IHP that the equipment has experienced, and i represents the serial number of the durations of CSs after CS being rearranged. The type of equipment failure can be divided into failure of inevitability and failure of contingency according to the different causes. The failure of inevitability is caused by internal reasons, related to the change of the CS, and the failure of contingency is caused by external reasons (such as a wrong operation, mis-operation, or bad maintenance quality, etc.). The failure rate of contingency can be obtained from statistics of historical date; it is a constant 0  . We can think of the failure when the CS of the equipment is 100 is caused by the failure of contingency. So it meets the following equation: (2) In order to solve the parameters in Eq.2, the author of [6] 
The purpose of introducing standard time axis is the conversion of the expecting life time decided by the factors of inevitability into the expecting life time decided by the factors of contingency.
The actual expecting life time in the CS of being converted into standard time axis i p T 0 , which meets: (6) We can infer the following equation:
We can infer Eq.8 based on Eq.5, Eq.6 and Eq.7. The physical meaning is not clear: For equipment with the same score before an OM and after the OM, the corresponding failure rate could be different; the integration means of integral health in the process of the whole condition can not directly reflect this character.
EQUIVALENT CONDITION SCORE METHOD
In order to reflect the effect of power outage maintenance, we come up with an idea of the equivalent condition score (ECS) method in the previous work of [7] .
The main steps of the ECS method are showed following:
Step 1: Collect statistical data which include: equipment's failure rate by accident, the CS in every process and its duration time.
Step 2: Using the ASI method to calculate the parameter 1 K , 1 C for the first IHP, and these two parameters will be used for other IHPs.
Step 3: Assume the model of equivalent CS:
In the equation above, ' ,i p S represents the equivalent CS, and p is the sequential number for IHPs.
For the first IHP, 1 
When the score is 100 point, its failure rate is the failure rate of contingency, which is constant. So the original score 100 point is equal to the equivalent score 100 point. We can infer the following equation: (11) We can calculate and p b with the combine of (10) and (11). The failure rate based on the equivalent CS can be calculated as following:
MATHEMATICAL PROOF
Proof：The ECS and ASI methods are equivalent.
As shown before, when p=1, the ECS and ASI methods are equivalent.
For p>1, substituting Eq.(11) into Eq.(9), we have:
And substituting Eq.(13) into Eq.(10), we have:
Comparing Eq.(8) and Eq.(14), we have：
From Eq. (2), we have: 
CONCLUSION
Inspired by the ASI method, the ECS method was proposed in the previous work of [7] to calculate the failure rate of the equipment. Through the conversion of the CS evaluated after maintenance, we can investigate the effect of maintenance on the failure rate, and then calculate the failure rate of the equipment. The ECS method has demonstrated that the same CS values obtained before and after a maintenance correspond to different failure rates, and it is necessary to convert the CS obtained after a maintenance. This paper makes a further contribution to provide a mathematical proof to show that the ECS and ASI methods are equivalent.
